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Abstract
Because there is limited information on associations between health-related knowledge and sugar-
sweetened beverage (SSB) intake, our cross-sectional study examined this question using the 2010 
HealthStyles Survey data for 3,926 adults (aged ≥18 years). Multivariable logistic regression 
analysis was used to estimate the adjusted odds ratios and 95% CIs for drinking SSBs ≥2 times per 
day. About 31% of adults consumed SSBs ≥1 time per day, with 20% doing so ≥2 times per day. 
About eight of 10 adults agreed that drinking SSBs can contribute to weight gain, yet, eight of 10 
adults in this study did not know the actual kilocalorie content of a 24-oz fountain soda. After 
controlling for age, sex, race/ethnicity, education level, annual household income, and geographic 
region, the odds for drinking SSBs ≥2 times per day were significantly higher among adults who 
neither agreed nor disagreed (ie, were neutral) that drinking SSBs can contribute to weight gain 
(odds ratio 1.61, 95% CI 1.15 to 2.25 vs agree); however, knowledge about the energy content of 
regular soda was not associated with SSB intake. Our finding that knowledge about the adverse 
effects of SSB intake is significantly associated with SSB intake among adults suggests that health 
education regarding the potential contribution of excess energy intake from SSBs to weight gain 
could contribute to lowered consumption and lower rates of obesity. Although knowledge about 
the kilocalorie content of regular soda was unrelated to SSB intake, health education on the 
kilocalorie content of SSBs may still be beneficial because most adults did not know the actual 
kilocalorie content of SSBs. Longitudinal studies are needed to explore associations between 
knowledge about energy provided by SSBs and SSB intake.
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The Prevalence of Obesity Among us Adults is high. For example, in 2009–2010, about 
36% of US adults aged ≥20 years were obese (ie, body mass index ≥30).1 This high 
prevalence of obesity is a major public health concern because of associated adverse health 
and economic consequences.2,3 Furthermore, one of the factors associated with obesity is 
the consumption of sugar-sweetened beverages (SSBs).4–6 Based on the 2010 Dietary 
Guidelines for Americans, SSBs are defined as “liquids that are sweetened with various 
forms of sugars that add calories. These beverages include, but are not limited to, soda, fruit 
ades and fruit drinks, and sports and energy drinks.”7 SSBs are the largest source of added 
sugars and an important contributor of energy in the diet of US adults.8 Based on the 
National Health and Nutrition Examination Survey (NHANES) data in 2009–2010, about 
50% of Americans consumed SSBs on any given day.9 In addition to obesity, SSB intake 
has been associated with increased risk for type 2 diabetes,6,10,11 cardiovascular 
disease, 6,12–14 and decreased diet quality.15
Individual knowledge influences behaviors associated with obesity.16 Because one weight-
related behavior is the consumption of SSBs, it is possible that knowledge about SSBs may 
influence their consumption. Previous studies examined associations between knowledge 
and SSB intake using a small sample size, but findings were inconsistent.17,18 For example, 
one study among adults in the rural Lower Mississippi Delta reported that those in the 
lowest health literacy category consumed 230 kcal/day SSBs, whereas those in the adequate 
health literacy category consumed 111 kcal/day SSBs.18 With the exception of this 
Mississippi study, little is known about whether knowledge about SSBs is associated with 
their consumption among US adults. Another study conducted among adolescents reported 
that knowledge about energy-related issues (eg, energy intake, expenditure, and balance) 
was not significantly associated with their SSB intake.17 Therefore, the purposes of our 
study were to assess knowledge about SSBs and examine whether these are associated with 
SSB intake after controlling for sociodemographic factors among US adults. The authors 
hypothesized that correct knowledge about SSBs would be associated with a lower 
consumption of SSBs.
METHODS
Sample and Survey Administration
Our cross-sectional study was based on the HealthStyles Survey conducted by Porter 
Novelli during fall 2010. The HealthStyles Survey is a mail survey of US adults (aged ≥18 
years) and is designed to assess a wide variety of respondents’ health-related attitudes, 
knowledge, behaviors, and conditions surrounding important public health issues. The 
HealthStyles Survey is sent to the same individuals who complete and return Porter 
Novelli’s ConsumerStyles Survey, which is a consumer mail panel survey. The 
ConsumerStyles Survey assesses consumer habits, lifestyles, attitudes, purchasing 
behaviors, traditional and social media habits, and technology use among US adults. The 
sampling and data collection are conducted by Synovate, Inc, a market research firm.19 The 
consumer mail panel consists of about 200,000 members throughout the United States; this 
is a convenience sample. The ConsumerStyles Survey is sent to a stratified random sample 
drawn from the panel (n=20,000). Although the survey participants are drawn from a 
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convenience sample, the sampling is stratified on region, household income, population 
density, age, and household size to create a sample distribution similar to the national 
distribution. In 2010, a total of 10,328 people completed the ConsumerStyles survey, 
yielding a response rate of 51.6%. A total of 6,255 Health-Styles Surveys were sent to a 
stratified random sample of households that returned the ConsumerStyles Survey. Responses 
were received from 4,184 HealthStyles participants, yielding a response rate of 66.9%. 
Participants in Health-Styles Survey 2010 were assigned weights based on sex, age, income, 
race, and household size to match US Current Population Survey proportion in 2009. This 
analysis was exempt from the Centers for Disease Control and Prevention Institutional 
Review Board process because personal identifiers were not included in the data provided to 
the Centers for Disease Control and Prevention. Among the 4,184 adults who completed the 
survey, a total of 258 participants were excluded from the study because of missing data on 
SSB intake (n=101), knowledge about SSBs (n=129), and education level (n=28). 
Comparing adults who were excluded from the study, those who were included had 
significantly higher proportions of women and lower-income adults, but did not differ 
according to age, race/ethnicity, education level, marital status, annual household income, 
and knowledge about SSBs.
Outcome Variable
SSB intake was determined by the following question: “During the past 7 days, how many 
times did you drink sodas, fruit drinks, sports or energy drinks, and other sugar-sweetened 
drinks? Do not include 100% fruit juice, diet drinks, or artificially sweetened drinks.” 
Response choices were none, one to six times per week, one time per day, two times per 
day, three times per day, and ≥4 times per day. For bivariate analyses, four mutually 
exclusive categories were created: none, one to six times per week, one time per day, and ≥2 
times per day. For logistic regression analysis, SSB intake variable was dichotomized (<2 
and ≥2 times per day). The cutpoint of two times per day was based on the estimated 85th 
percentile of energy intake from SSB on any given day, which was about 300 kcal (two 12-
oz cans of soda) among Americans (US Department of Agriculture National Nutrient 
Database for Standard Reference, Release 26, 2013).20
Knowledge about SSBs
The main exposure variables were two knowledge questions about SSBs, and mutually 
exclusive response categories were created. For the following statement, participants were 
asked to rate their agreement with: “Drinking regular sodas, fruit drinks, sports or energy 
drinks, and other sugar-sweetened drinks can cause weight gain.” Response options 
available were strongly disagree, somewhat disagree, neither agree nor disagree, somewhat 
agree, and strongly agree. Three categories were created for this variable: agree (strongly/
somewhat agree), neither, and disagree (strongly/somewhat disagree). For the second 
parameter, participants were asked to response to the following statement: “How many 
calories does a regular 24-oz fountain drink, such as a non-diet cola, have?” Response 
options available for this question were 150 kcal or less, 151 to 250 kcal, 251 to 350 kcal, 
351 to 400 kcal, >400 kcal, and do not know. Four response categories were created for this 
variable: ≤250 kcal (underestimate), 251 to 350 kcal (correct), ≥351 kcal (overestimate), and 
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do not know. Because this question was asking about knowledge, “do not know” was 
considered as a valid response category.
Sociodemographic Variables
Sociodemographic variables included were age (18 to 24 years, 25 to 44 years, 45 to 64 
years, and ≥65 years), sex, race/ethnicity (non-Hispanic white, non-Hispanic black, 
Hispanic, or non-Hispanic other), education level (<high school, high school, some college, 
and college graduate), and marital status (married/domestic partnership and not married). 
Not married included widowed, divorced, separated, or never married. Annual household 
income was categorized as <$35,000, $35,000 to $74,999, $75,000 to $99,999, or ≥
$100,000. Geographic regions were categorized as New England, Middle Atlantic, East 
North Central, West North Central, South Atlantic, East South Central, West South Central, 
Mountain, and Pacific based on the Census regions.
Statistical Analysis
The relationship between SSB intake and the variables described above was examined using 
χ2 tests and a P value <0.05 was the cutpoint for statistical significance. Multivariable 
logistic regression analysis was used to estimate adjusted odds ratios and 95% CIs for 
health-related knowledge associated with SSB intake ≥2 times per day after controlling for 
age, sex, race/ethnicity, education level, annual household income, and geographic regions. 
The multivariable logistic regression model included two knowledge variables and 
aforementioned covariates in one model. All statistical analyses were performed with 
Statistical Analysis Software (version 9.2, 2009, SAS Institute Inc) and incorporated 
appropriate procedures to account for the sample design by using SURVEYFREQ and 
SURVEYLOGISTIC with WEIGHT statements.
RESULTS AND DISCUSSION
The final analytic sample included 3,926 adults. About 31% of adults reported consuming 
SSBs ≥1 time per day during the past 7 days, including 20.0% who reported doing so ≥2 
times per day. SSB intake significantly differed by age, sex, race/ethnicity, education level, 
annual household income, and geographic region (χ2 tests, P<0.05) (Table 1). The 
proportion of adults who consumed SSBs ≥2 times per day was highest among adults aged 
18 to 24 years, men, non-Hispanic others, those with less than high school education, those 
with household income of ≤$34,999 per year, and those living in the East South Central 
region.
The majority of adults (84.4%) agreed that drinking SSBs can contribute to weight gain 
(Table 2). However, the majority of adults did not know actual kilocalorie content of a 24-oz 
soda (19% underestimated, 17% overestimated, and 45% did not know). Knowledge about 
SSBs showed significant variation by certain characteristics (χ2 tests, P<0.05). Specifically, 
none of the knowledge items varied by geographic regions. Both knowledge items 
significantly varied by race/ethnicity, education level, and annual household income. In 
addition, knowledge that drinking SSBs can contribute to weight gain varied by sex as well 
as by age and marital status for knowledge of the kilocalorie content of a 24-oz soda. 
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Among sociodemographic groups with significant differences in knowledge, the proportion 
of adults who agreed that drinking SSBs can contribute to weight gain was highest among 
women, non-Hispanic whites, college graduates, and those with household income of 
$75,000 to $99,999 per year. The proportion of adults who knew the actual kilocalorie 
content of a 24-oz soda was highest among adults aged 25 to 44 years, non-Hispanic whites, 
college graduates, adults who were married or in a domestic partnership, and adults with 
household incomes of $75,000 to $99,999 per year (Table 2).
SSB intake significantly differed by knowledge about SSBs. In the bivariate analysis, the 
proportions of adults drinking SSBs ≥2 times per day were higher among adults who 
disagreed or neither agreed nor disagreed (ie, were neutral) that drinking SSBs can 
contribute to weight gain compared with those who agreed, and those who underestimated 
the kilocalorie content of a 24-oz regular soda. Results of multivariable logistic regression 
analyses showed that the odds for drinking SSBs ≥2 times per day were significantly higher 
among adults who neither agreed nor disagreed that drinking SSBs can contribute to weight 
gain (odds ratio 1.61 vs agreed) after controlling for age, sex, race/ethnicity, education level, 
annual household income, and geographic region. Knowledge about the kilocalorie content 
of regular soda was not associated with drinking SSBs ≥2 times per day (Table 3). Based on 
further analyses examining associations between the kilocalorie content of regular soda and 
SSB intake among SSB consumers only as well as comparing no SSB consumers with high 
SSB consumers (≥2 times per day), the results remain the same (data not shown).
The prevalence of adults drinking SSBs at least once per day during the past 7 days was 
somewhat lower in our study compared with 2009–2010 NHANES data, which showed that 
about half of adults aged ≥20 years reported consuming any SSB on a given day.9 
Discrepancies between studies could be due to differences in sampling approaches or dietary 
measurement tools. The NHANES study used 24-hour dietary recalls, whereas HealthStyles 
is based on a single food-frequency question to determine the number of times respondents 
consumed SSBs during the past 7 days. Regardless of discrepancies, SSB intake among US 
adults is high. Drinking one 12-oz can of regular soda twice per day could provide about 280 
extra kilocalories daily (US Department of Agriculture National Nutrient Database for 
Standard Reference, Release 26). Also, our results have similar subgroup differences as 
previous studies,20,21 which showed that young adults, men, non-Hispanic blacks, adults 
with less than a high school education, and lower-income adults were more likely to 
consume SSBs than their counterparts. In our study, SSB intake differed significantly by 
geographic regions. Although potential reasons for this finding are unclear, it could be 
partially explained by cultural norms,22 differences in availability of SSBs, and/or state and 
local obesity prevention programs. For example, some research suggests that adults who live 
in rural areas may be more likely to consume SSBs than their urban counterparts.15 
Furthermore, some state and local communities are more actively involved in programs to 
reduce SSBs than other communities.23
Moreover, our findings indicate that knowledge about SSBs were significantly associated 
with SSB intake even after controlling for sociodemographic characteristics. Adults who 
were neutral regarding the influence of SSBs on weight gain had 61% greater odds for SSB 
intake ≥2 times per day than those who agreed. Although adults who disagreed had 68% 
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higher odds for SSB intake ≥2 times per day than those who agreed, this finding was not 
statistically significant. This may be partially due to the small sample size. These results 
suggest that health education regarding the potential contribution of excess energy intake 
from SSBs to weight gain might contribute to reduced intakes and reduced rates of obesity. 
The significant findings of these associations in our study might be explained by the fact that 
individual knowledge may influence behaviors.16,24 For example, one study reported that 
adults in the lowest health literacy group consumed about 119 kcal more per day from SSBs 
compared with those in adequate health literacy groups in the rural Lower Mississippi 
Delta.18 Another study reported that nutrition knowledge was significantly associated with 
fruit, vegetable, and fat intake among 1,040 British adults.25 Although there is limited 
information on the association between health-related knowledge about SSBs and intake of 
SSBs among adults, a few studies were conducted among adolescents.17,26 However, 
findings are inconsistent. Nelson and colleagues17 reported that nutrition knowledge about 
energy intake, expenditure, and balance was not significantly associated with SSB intake 
among 349 US adolescents. In contrast, another study conducted among 445 Italian 
adolescents reported that poorer nutrition knowledge was significantly associated with 
higher consumption of SSBs.26 Nonetheless, our finding suggests that health education for 
improving nutrition knowledge is worth examining as a potentially effective strategy to 
change dietary behaviors among adults.
The majority of adults (81%) did not know the actual kilocalorie content of a 24-oz fountain 
soda in our study. However, knowledge about the kilocalorie content of regular soda was not 
associated with SSB intake after controlling for sociodemographic characteristics. This 
finding was not what we hypothesized but can be explained by at least three potential 
reasons. First, knowledge about SSB energy content may not influence SSB intake. Previous 
studies showed mixed findings on the effect of energy content knowledge on food 
choices.27–29 Some studies reported that providing energy content information was not 
significantly related to food selection, food consumption, or energy purchased among 
adults,27,28 whereas another study reported that displaying energy content information on 
the menu board at fast-food restaurants reduced energy purchased by patrons,29 although 
these previous studies did not specifically focus on SSB intake. Second, this is a cross-
sectional study, in which data are collected at one specific point in time. Thus, it does not 
capture associations between changes in knowledge about SSB energy content and changes 
in SSB intake. Longitudinal studies are needed to examine whether changes in knowledge 
about SSB energy content modify the consumption of SSBs and to further explore what 
other knowledge might be associated with SSB intake. Third, some adults who are aware of 
the kilocalorie content of SSBs might compensate energy intake from other foods or 
beverages throughout the day; therefore, knowledge about SSB energy content would not 
affect their SSB intake. Findings from our study suggest that knowing the energy content of 
SSBs may not be sufficient to initiate healthful behavior change.
There are several limitations to this study. First, the findings may not be generalizable 
nationally because of selection bias associated with the use of a convenience sample from a 
mail panel survey with a relatively low response rate. However, a previous study has shown 
that the prevalence of certain items from HealthStyles (ie, health conditions and behaviors) 
are comparable to the Behavioral Risk Factor Surveillance System, which uses a probability 
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sampling technique.30 Second, the HealthStyles data are self-reported, and could be subject 
to recall and social desirability response biases. However, other studies have shown that 
estimates of beverage intake derived from responses to food-frequency questionnaires were 
similar to estimates derived from responses to 24-hour dietary recalls or to food 
records.31–33 Third, because of the somewhat limited number of categories of race/ethnicity, 
it is difficult to interpret associations observed with subjects whose ethnicity was classified 
as “other.” Fourth, the associations are cross-sectional and do not permit assessment of 
causality or ascertaining the direction of the association. Finally, the frequency of SSB 
consumption was surveyed, so the relationship by the amount of SSB consumption cannot 
be assessed.
CONCLUSIONS
About eight of 10 adults agreed that drinking SSBs can contribute to weight gain, yet eight 
of 10 adults did not know the actual energy content of a 24-oz fountain soda in this study. 
Furthermore, our study showed that adults who neither agreed nor disagreed that drinking 
SSBs can contribute to weight gain had significantly greater odds for drinking SSBs ≥2 
times per day after controlling for socio-demographic factors. These findings suggest that 
knowledge that drinking SSBs can contribute to weight gain is significantly associated with 
consumption of SSBs among adults and can be used to identify individuals who may need 
additional nutrition education regarding the potential contribution of excess energy intake 
from SSBs to weight gain. In addition, adults with less education, lower-income individuals, 
men, and minorities should be targets of nutrition education because their knowledge level is 
lower but SSB intake is higher in these groups.
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.9
19
.0
±1
.3
0.
90
0.
62
–1
.3
1
a
D
et
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 d
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k 
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in
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D
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in
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fic
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in
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ei
gh
te
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pe
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en
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 m
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 u
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 b
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ou
nd
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ria
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 c
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or
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tiv
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ia
bl
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re
gr
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sio
n 
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 c
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ar
ia
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/et
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ou
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hic
 re
gio
ns
) i
n o
ne
 m
od
el.
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en
ce
 c
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 d
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e D
et
er
m
in
ed
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y 
th
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es
tio
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rin
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ng
 re
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r s
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, f
ru
it 
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in
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rts
 o
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ne
rg
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in
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th
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ga
r-s
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 c
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t g
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%
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 fo
un
ta
in
 d
rin
k,
 su
ch
 a
s a
 re
gu
la
r c
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